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Abstract
Mountain birch forests in the northern areas of Sápmi, the Saami homeland, serve as pastures
for semi-domesticated reindeer. Recent reindeer management of the area has, to date, pro-
ceeded with little involvement of reindeer herders or their knowledge. To get more in-depth
understanding of recent changes, we present together herders’ knowledge and scientific knowl-
edge concerning the impacts of herbivory and climate change onmountain birch forests in three
Saami communities in Norway and in Finland. Most of the herders interviewed reported
changes in weather during the preceding decades. Herders agreed that the canopy and under-
storey of mountain birch forests have changed. The observed transformations in the quality of
pastures have increased the financial costs of reindeer husbandry. Our study demonstrates that
herders have practical knowledge of the present state and recent changes of birch forests, and of
the responses of reindeer caused by these. This knowledge generally coincides with scientific
knowledge. We call for better integration of knowledge systems and a better protocol for
co-production of knowledge as it relates tomore adaptive future reindeer management regimes.
Such integration will facilitate understanding of cultural adaptation within rapidly changing
social-ecological systems in which sustainable reindeer husbandry continues to be an important
livelihood.
Introduction
Mountain birch (Betula pubescens spp. czerepanovii) is the predominant tree within the
sub-arctic forest zone of northern Fennoscandia, which is situated between treeless upland fells
and the coniferous forest zone at lower elevations (Fig. 1). As such, the mountain birch forest
ecosystems are themost important source of primary production in the northern areas of Sápmi,
the Saami homeland that encompasses much of northern Fennoscandia, including parts of Kola
Peninsula (Lehtola, 2002; Wielgolaski, 2002).
Indigenous Saami have usedmountain birch forests for several centuries in various ways: as a
pasture for semi-domesticated reindeer (Rangifer tarandus tarandus) and for hunting, trapping,
fishing, food and fuel gathering, raw material for handicrafts and construction, and also for
spiritual purposes (Aikio & Müller-Wille, 2002; Crate, Forbes, King, & Kruse, 2010; Itkonen,
1984). The mountain birch region is utilised also by other inhabitants of the area and it serves
as an important resource for recreation and for land uses like tourism and wind power.
Mountain birch forests are cultural landscapes; intensity and spatial distribution of land uses,
specifically reindeer grazing, has been shaped by cultural activities and socio-political processes
for centuries (Bernes, Bråthen, Forbes, Speed, & Moen, 2015; Uboni et al., 2016).
Mountain birch is an important source of summer forage for reindeer; during winter reindeer
feed mainly on the terricolous lichens, as well as dwarf shrubs, that grow on the forest floor.
Access to winter forage is often difficult and energy expenditure of moving and foraging is
increased, due to snow conditions (Kitti, Gunslay, & Forbes, 2006; Riseth et al., 2011). Deep
or icy snow during the winter or late snow melt during the following spring may lead to high
winter mortality of reindeer as well as to low calf survival (Eira, 2012; Kitti et al., 2006; Turunen,
Rasmus, Bavay, Ruosteenoja, & Heiskanen, 2016). As high latitudes warm, more frequent
formation of ice crusts in the snow cover is expected (Meredith et al., 2019; Rasmus,
Kivinen, Bavay, & Heiskanen, 2016). When the snow cover is deep or icy, reindeer look for
the arboreal lichens that grow on the upper trunks and branches of birch (Sonesson, 2001).
In addition to accessibility of forage, the state of the understorey vegetation (ground lichen,
graminoids and shrubs) is crucial when consideringmountain birch forests as reindeer pastures.
Herbivory and climate are considered as main factors affecting the mountain birch forests
ecosystems of the region (Cairns, Lafon, Moen, & Young, 2007; Moen, Cairns, & Lafon,
2008; Tømmervik et al., 2004; Wielgolaski, 2002). Reindeer themselves affect soil properties
and microbial processes, plant species and vegetation diversity by
grazing, trampling and through excrements (Bernes et al., 2015;
Väisänen et al., 2014). Geometrid moths including autumnal
(Epirrita autumnata) and winter moths (Operophtera brumata)
have periodically great effect on the mountain birch (Helle,
2001; Neuvonen, Bylund, & Tømmervik, 2005; Fig. 2). Other
herbivores (voles, lemmings and some invertebrates) (Anschlag,
Broll, & Holtmeier, 2008), fire (Stocks et al., 1998), forest cutting
(Veijola, 1998) and tourism (Forbes, Tolvanen, Wielgolaski, &
Laine, 2005) also affect these ecosystems.
Autumnal moths appear episodically at approximately 10-year
intervals (Tenow & Nilssen, 1990). A severe autumnal moth out-
break was experienced in our research area in 1965–66; significant
outbreaks have been documented also in 1927 and 1955 (Kallio &
Lehtonen, 1973). In the 1960s, autumnal moths defoliated sizeable
areas of mountain birch forest in Ohcejohka commune in north-
ernmost Finland; these areas have regenerated extremely slowly
over the intervening five decades and are presently mostly treeless
tundra (Neuvonen et al., 2005). During the years 2002–2008,
both autumnal and winter moths caused spatially variable defolia-
tion within the region (Jepsen, Hagen, Ims, & Yoccoz, 2008;
Klemola, Andersson, & Ruohomäki, 2016).
Studies in Arctic North America and northwest Eurasia have
indicated an increase in tall deciduous shrub cover and abundance
in response to climate change (Forbes, Macias-Fauria, & Zetterberg,
2010; Macias-Fauria, Forbes, Zetterberg, & Kumpula, 2012; Myers-
Smith et al., 2011; Tape, Sturm, & Racine, 2006; Tømmervik et al
2004). Higher temperature and increased precipitation are favour-
able for seed production of birch trees near the tree line (Wielgolaski,
2002). In the past, the tree line has migrated further north and to
higher elevations when air temperatures have been high enough
(Kullman, 2002). The effects of climate change on the mountain
birch tree line can be difficult to isolate from other factors that affect
it simultaneously (Emanuelsson, 1987; Hofgaard, 1997). For exam-
ple, in northern Sweden, reindeer grazing keeps landscapes open
and controls the deciduous tree line (Cairns & Moen, 2004).
In this work we relate two different knowledge systems, scien-
tific knowledge and practitioners’ knowledge of local herders, to
gain more in-depth understanding of the recent changes in the
mountain birch forests of our research area. Scientific knowledge
is accumulated through a formalised process and is most often
explicit (written) and quantitative. Ecological and meteorological
research is based on measurements (observations, monitoring,
remote sensing), retrospective analyses, experimental manipula-
tion of environment or on mathematical modelling. It aims at gen-
eralisations, replicability and objectivity (Huntington, Callaghan,
Fox, & Krupnik, 2004; Raymond et al., 2010). In recent decades,
a large and fast-growing body of literature has addressed the
cultures carrying Indigenous Knowledge, Traditional Knowledge
and Traditional Ecological Knowledge (TEK) (e.g. Agrawal,
1995; Alexander et al., 2011). The commonly used term TEK
can be defined as “knowledge, practice and beliefs about the
dynamic relationship of living beings with one another, and with
their environment, which has evolved by adaptive processes, and
has been handed down from generation to generation” (Berkes,
2008). In our case TEK can be understood as local, practitioners’
knowledge possessed by herders. Local knowledge is a wide term
including several knowledge systems, also those classified as tradi-
tional and indigenous. It is thought to be developed by societies
with long histories of interaction with their natural surroundings
but it is not confined to certain inhabitant groups of the area (FAO,
2017; UNESCO, 2017). Also practitioners’ knowledge widens the
scope of TEK to acknowledge the non-ethnic nature of knowledge
gained in certain livelihoods by spending time on the land and
evolving knowledge through practice and experience (Ingold,
2000). This knowledge has been gained over decades, most often
Fig. 1. Northern Fennoscandia and Sápmi (dashed line, Lehtola, 2002). Research communities of Máze, Guovdageaidnu and Gáregasnjárga are marked, and the solid black lines
mark the herding districts of the communities (Guovdajohtolat in Norway and Báišduottar in Finland). The mountain birch ecoregion of northern Fennoscandia is shaded in the
map. Area used by reindeer stretches also south, outside Sápmi (Johansen unpublished; Käyhkö & Horstkotte, 2017). White squares mark the meteorological stations of
Guovdageaidnu, Suolovuopmi and Kárášjohka (Karasjok).
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since childhood, and reflected in local practices (Forbes, 2006;
Helander-Renvall, 2014; Vuojala-Magga, Turunen, Ryyppö, &
Tennberg, 2011).
Practitioners’ knowledge of local herders has only relatively
recently been integrated into studies on the status and management
of mountain birch forests. Themes covered range from mountain
birch forests as reindeer pastures (Aikio & Müller-Wille, 2002;
Inga, 2007; Kitti et al., 2006; Vuojala-Magga & Turunen, 2015) to
vegetation dynamics within the area (Horstkotte et al., 2017;
Huntington et al., 2004). Also, the roles of extreme weather events
(Vuojala-Magga et al., 2011) and snow conditions (Eira et al., 2013;
Riseth et al., 2011) in herding have been discussed.
The understanding gained through relating different knowl-
edge systems is especially needed in the planning of the northern
land use and the management of reindeer herds. The post-WWII
management regimes of reindeer herds within the respective
Nordic countries have adhered to increasingly strict agricultural
norms geared to maximise meat production, and while sustaining
ground lichen reserves within winter pastures (Forbes, 2006;
Forbes & Stammler, 2009). This approach has, to date, proceeded
with little to no involvement of herders or their knowledge
(Heikkinen, Sarkki, & Nuttall, 2012; Sarkki, Heikkinen, Herva,
& Saarinen, 2018). This contrasts with the situation in Arctic
North America, where co-management of renewable resources
has been legally codified since the 1970s (Forbes & Stammler,
2009). Participatory action research, in which stakeholders and
scientists collaborate and reflect on research implementation and
interpretation, is relatively new in Nordic reindeer management
(Hukkinen et al., 2006). As recently as 15 years ago, research directly
involving reindeer herders was deemed too “political” in Finland
(Kitti, 2004), and the admission of access to an area of science
by “primitive and illiterate reindeer herders” (Magga, 2006) was dis-
approved. Since then, however, participatory approaches to connect
science, policy and society have become increasingly common
(Armitage, Berkes, Dale, Kocho-Schellenberg, & Patton, 2011;
Nilsson et al., 2019). New types of participatory methods are
developing into a new norm in Nordic Arctic renewable resource
management (Adenskog, 2018; Huntington et al., 2019; Jäske,
2018); participatory decision-making is believed to lead to more
long-term, deliberate, inclusive and sustainable governance solu-
tions. Emphasis on participation has been established as a general
frame also in research funding (Armitage et al., 2011). Both national
and EU Arctic strategies (European Commission, 2016; Prime
Minister’s Office, 2013) have been developed to explicitly engage
local stakeholders in research projects and land use planning proc-
esses. All of these developments call for research that is participatory,
acknowledging the characteristics and potential of different knowl-
edge systems.
This study is intended as a contribution towards the integration
of distinct knowledge systems in Nordic mountain birch forests in
the service of developing a better protocol for co-production of
knowledge as it relates to more adaptive future reindeer manage-
ment regimes. Our overall aim is to understand how the mountain
birch forests dynamics are perceived, respectively, in reindeer herd-
ers’ and scientific knowledge systems. Specifically, we concentrate
on knowledge pertaining to potential pathways from relatively
closed mountain birch forest to open tundra, following massive
herbivorous moth outbreaks in three localities within the Saami
reindeer management region. To do so, we have collected the scien-
tific and practitioners’ “ways of knowing” (sensu Kendrick, 2003)
relevant to such moth outbreaks and describe the processes
underlying the disappearance and regeneration, where relevant, of
mountain birch forests, which function as reindeer rangelands.
The main objectives are therefore to:
(1) assess herders’ perceptions of the key ecological drivers of
birch forest rangeland dynamics following massive herbivo-
rous moth outbreaks;
(2) present together herders’ perceptions of change and relevant
findings within the scientific literature; and
(3) discuss the potential for future integration of practitioners’
knowledge in reindeer management regimes of Sápmi.
Fig. 2. Mountain birch forest before an autumnalmoth outbreakwithout (a) andwith
(b) intensive reindeer herbivory, and after the outbreak (c). Photos: Otso Suominen.
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Material and methods
Research area
The research area included the Saami communities of Máze (Masi)
and Guovdageaidnu (Kautokeino) in Norway and Gáregasnjárga
(Karigasniemi) in Finland (Fig. 1, Table 1). They are all situated
within the sub-arctic zone; seasonal snow cover forms in the area
typically inOctober andmelts inMay. The dominant tree in the area
is mountain birch. The villages of Máze and Guovdageaidnu are
located in Guovdajohtolat herding district, and in Guovdageaidnu
(Kautokeino) municipality in Finnmark county; it is the largest
municipality in Norway. Máze has approximately 400 inhabitants
and about 1300 people live in Guovdageaidnu. Gáregasnjárga is
located in the Báišduottar herding district, and in Ohcejohka
(Utsjoki) municipality; it has about 300 inhabitants. In the munici-
pality of Ohcejohka, more than half of the inhabitants speak Saami
as their native tongue and in the Guovdageaidnu municipality
over 90%
In each village, reindeer husbandry is an important livelihood;
the surrounding territories serve as reindeer pastures, and 8–25%
of the inhabitants of the Ohcejohka and Guovdageaidnu munici-
palities are reindeer herders (see Table 1). There are also other land
users, for example tourism, of which the most important form is
moose (Alces alces L.) hunting. Herding practices of the area
are based on Saami tradition. In this tradition (compared to
small-scale herding combined with other livelihoods, practised
in more southern, forested herding districts of Finland) herds
are bigger, herding is more often based on pastoralism, and inten-
sive supplementary winter feeding, especially feeding in enclo-
sures, is seldom used (Helle and Jaakkola, 2008; Kitti et al.,
2006). Herding work is organised through herding groups, siidas
(Vuojala-Magga, 2012). Differences nevertheless exist between
the practices of the herding communities. In northern Norway,
reindeer generally move long distances between their summer
and winter pastures. In Guovdageaidnu and Máze the winter
pasture areas are situated inland, where lichen heaths dominate
and summer pastures are by the sea, where vegetation consists
of herbs and shrubs and there are also fewer biting insects
compared tomore heavily forested inland pastures. This represents
a natural seasonal pasture rotation for reindeer. In difficult years
(deep snow, icing of the ground), reindeer are given supplemental
winter feed. The vicinities of the villages of Guovdageaidnu and
Máze are utilised as transitional autumn/spring pastures. In
Gáregasnjárga, Finland, reindeer graze more or less on the same
areas year-round, even though some areas are protected from
summer trampling. Annual slaughtering is nowadays conducted
in autumn; this practice protects lichens pastures since fewer
animals remain alive to forage throughout the winter. The reindeer
have been herded with the aid of supplemental feeding (i.e. pro-
vided with forage along the way from one pasture area to another)
in late winter since the 1990s. This practice is intended to reduce
natural mortality, especially of pregnant females, during winters
with deep or icy snow and maintain relatively consistent calf
birth rates and weights from year to year. Detailed descriptions of
the mountain birch forests of the research area are found in
Neuvonen et al. (2005) and in Vuojala-Magga & Turunen
(2015), of meteorological conditions in Vikhamar-Schuler,
Hanssen-Bauer, & Førland (2010) and in Rasmus et al. (2014),
and of reindeer population dynamics in Uboni et al. (2016).
Knowledge systems on the impacts of herbivory and climate
change on mountain birch forests
Interview methods
Semi-directed interviews were conducted with altogether
22 reindeer herders during 2007–2008. This comprises approxi-
mately 2.6 % of the herders of the Báišduottar and
Guovdajohtolat herding districts (Table 1). Ten herders were
interviewed in Gáregasnjárga, nine in Máze and three in
Guovdageaidnu. We knew most of the herders beforehand in
Gáregasnjárga, but not in Máze and Guovdageaidnu. One of us
lived in two different families altogether one month. The inter-
actions between the researchers and informantswere thus not only
based on interviews but on a mutual trust due to shared living
experience. Participantobservation transitioned to thematic inter-
views. Informants were found through the “snowball-method”
Table 1. Characteristics and mean climate conditions1 of the research communities
Gáregasnjárga,
Finland Máze, Norway
Guovdageaidnu,
Norway
Coordinates 69º 23’54’N 69º26’37’N 69º 0’43’N
25º 51’ 18’E 23º40’01’E 23º 2’37’E
Municipality (area/inhabitants) Ohcejohka
(5370 km2/1300)
Guovdageaidnu
(9707 km2/3000)
Guovdageaidnu
(9707 km2/3000)
Elevation (m.a.s.l) 140 282 319
Reindeer herding district2
(reindeer/herders)
Báišduottar
(6943/102)
Guovdajohtolat
(33980/745)
Guovdajohtolat
(33980/745)
Reindeer density (reindeer km-2) 2.2 3.0 3.0
Mean annual temperature (°C) −2.3 −2.4 −2.5
Mean annual precipitation (mm) 384 456 494
1Data for Máze from meteorological station of Suolovuopmi (381m.a.s.l, 19 km away) and for Gáregasnjárga from station of Kárášjohka
(129 m.a.s.l, 19 km away).
2Administrative units of reindeer management; their organisation and activities are guided by the law. Village of Guovdageaidnu is situated at the western
border of the herding district Guovdajohtolat (Kautokeino midtre sone) and the district Oarjjabealli (Kautokeino Vestre sone). Village of Máze is situated
close to the eastern border of the district Guovdajohtolat. Village of Gáregasnjárga is located in the district Báišduottar (Paistunturi). Reindeer data are for
the year 2015–2016, Finland from RHA (2017) and Norway from Landbruksdepartementet (2016).
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meaning that we asked each informant whom we should inter-
view next. For interviews, we adhered to the research principles
of the International Arctic Social Sciences Association (IASSA,
1998). The informants, all adults, consented to be interviewed
and have approved the information and the sharing of it
publicly, albeit anonymously. Sixteen of the herders were men
and six were women. Their ages varied between 30 and 75 years,
but most of them were 60–70 years old. People from different
age groups were interviewed to obtain a broad sample set among
the active and retired herders. The interviews were conducted
either in Saami or in Finnish by two biologists and an
anthropologist. It was an advantage that most of the participant
observation and interviews could be conducted in Saami as this
was the native language of most of the informants. In this paper,
we present some Saami terms related to phenomena discussed
when appropriate, but we do not present comprehensive ana-
logues for all terminologies used. Saami terminology is desig-
nated via the use of italics throughout the text. The interviews
were thematic, enabling the discussion of matters that the
herders found interesting and important. As starting questions
the herders were asked about the main characteristics of their
pastures (e.g. topography, vegetation and the significance of
mountain birch forests), their management practices, effects
of geometrid moths, reindeer foraging and variation in weather
on the amount and accessibility of forage on the pastures, and
effects of these on reindeer husbandry. Subsequent to this step,
discussions were left unstructured, but followed the themes
which came naturally up. The temporal perspective of the proc-
esses discussed varied according to the theme: variation of
weather was most often considered during the last 10–20 years,
but for moth outbreaks and other rare events the time perspec-
tive was approximately 50 years.
The interview material was gone through and analysed themati-
cally using a qualitative content analysis approach (Krippendorf,
1980). We sought to gain an interpretive understanding of the
material, making comparison with scientific knowledge possible.
From the material arose two central themes: changes in winter
weather during recent decades, and changes in vegetation and effects
of herbivory on reindeer pastures. Subthemes were: implications of
changes in winter weather for reindeer husbandry; changes in birch
forests; changes in understorey vegetation; effects of the moth out-
breaks; and effects of reindeer grazing. Material related to these
compiles the practitioners’ knowledge set used in this study. To
protect the privacy of the informants, each person was assigned a
code. Informants in Gáregasnjárga have codes G1–G10, in Máze
the codes are M1–M9 and in Guovdageaidnu the codes are
GG1–GG3. Letters without numbers (G, M, GG) refer to the rein-
deer herders of each village in general. Excerpts from 13 interviews
are quoted in the text.
Literature review methods
Results of a complete meta-analysis of all studies on drivers of
reindeer rangeland dynamics in northern Fennoscandia would
not be commensurate with the practitioners’ knowledge described
above and would not allow relevant comparison. Scientific knowl-
edge concerning the central themes of the interviews was therefore
compiled through a targeted literature review. A standard internet
search using Google Scholar was performed from the recent
literature starting with the broadest possible search terms. The
main search terms were Betula pubescens spp. czerepanovii
(or simply Betula pubescens) and mountain birch forest (or simply
mountain birch). The approach was therefore comparable to the
“snowball-method” utilised in the herders’ interviews (see
Interview methods above), in that if a publication’s bibliography
contained seemingly relevant citations, then those older publica-
tions would be checked as well. The time frame was eventually
selected as the 1970s, when the outcomes of major moth outbreaks
relevant for our study were first reported, up to the present. After
the first step, publications were discarded if they were based on
B. pubescens woodlands outside the geographical area of the study
(e.g. Greenland, Iceland or central Norway). Similarly, if the study
did not address central themes of the interviews (see Interview
methods above), it was excluded. The publication types included
in our review were peer-reviewed papers, book chapters and scien-
tific reports. The literature search was performed both in English
and Finnish. Approximately 200 references were screened, and
about 80 cited. Of these, altogether 40 locally relevant references
comprise the core of the scientific knowledge used in this study.
The main results of these publications are collected in Tables 2
and 4, together with herders’ knowledge on central themes of
the interviews. We compared the different knowledge systems
both according to consideration of certain phenomena or process
(has the issue been discussed?), and also according to the consid-
ered substance (i.e. coincidence of the knowledge systems;
Huntington et al., 2004). Knowledge gaps and inconsistencies
between the knowledge systems were also mapped.
Results
In this section, we go through the themes of the study, beginning
by presenting herders’ experiences, based on interviews. These
results are then discussed in the light of previous studies. See
Tables 2 and 4 for summaries comparing herders’ knowledge
and scientific knowledge concerning the changes in winter
weather, and the changes in the vegetation cover in the research
area, respectively.
Changes in winter weather during recent decades
Most of the herders reported specific changes in winter weather
during the last 10–20 years (Table 2). Herders said that forecasting
weather has become increasingly difficult and that weather changes
more quickly. It has becomemore common even in midwinter that
first it is raining and the next day the temperature is below 0°C.
There are more often episodes of thawing (njáhcu) in midwinter,
as well as extended periods of mild weather with a concomitant
reduction in long periods of freezing temperatures (GG2). “For
example, we were herding reindeer during Christmas 2007 and it
was incomplete snow cover (girjebievla)” (GG2). Herders observe
the quality and quantity of snow to estimate the conditions for
moving, access to forage and herding (Eira et al., 2013). The
Saami snow concept goavvi relates to extremely poor grazing
conditions due to deep or icy snow. According to herders, icing
of the ground (bodneskárta) has become more frequent, as well
as ice layers (geartnit) within the snow column. Herders have
observed delayed snow cover formation in the autumn and earlier
snowmelt in the spring.
Herders’ observations about warmer winters and shortened
periods below 0°C coincide with the measurements of long-term
climate trends for the Guovdageaidnu area (Vikhamar-Schuler
et al., 2010, 2016) and northern Finland (Lépy & Pasanen, 2017;
Vuojala-Magga et al., 2011). Delayed snow cover formation has
been observed in some meteorological stations of the area by
Rasmus et al. (2014), but Vikhamar-Schuler et al. (2010) observed
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no significant change in the first day of the snow season. Studies
have not observed significant changes in the maximum annual
snow depth of the area (Rasmus et al., 2014; Lépy and Pasanen
2017; Vikhamar-Schuler et al., 2010). Herders observations about
earlier snowmelt agree with the meteorological records (Lépy
and Pasanen 2017; Rasmus, Kumpula, & Jylhä, 2014; Vikhamar-
Schuler et al., 2010).
Kivinen, Rasmus, Jylhä, and Laapas (2017) found that extremely
cold weather events have significantly declined in all seasons during
the past 100 years and extremely warm weather events increased
particularly in spring and autumn. Vikhamar-Schuler et al.
(2016) concentrated on exceptionally warm winter periods during
the past century, often associated with rainfall and subsequent
ground ice formation. Thesewarm events have been frequent during
2000s, increasing in frequency during the study period.
Implications of changes in winter weather for reindeer
husbandry
The general consensus among interviewed herders was that the
changes in the quality of pastures, particularly decreased access
to forage and the amount of forage, have increased the number
of working hours and altered herding practices (Table 3).
Changes in snow conditions have negatively affected access to
forage such that herding has become more difficult overall as a
result (Table 3). There is a sense that pastures are becoming
“locked” more often, meaning conditions which prevent reindeer
reaching forage beneath the snow (heajos guohtun). “Locking” can
be caused by (i) icing of the ground layer, which results from rain
followed by freezing temperatures before there is adequate snow
cover, or if the snow cover has melted completely during the
winter; (ii) ice layers (geardni), which are caused by winter rain-on-
snow or thaw events followed by freezing temperatures (one herder
said that three discrete ice layers could effectively “lock” the pas-
tures (GG3)); and (iii) snow drifts resulting from high snowfall in
late winter, increased winds and high density of birch stems
(Table 3). Two reindeer herders noted, “When there are more
[shrub and mountain] birch, there will be more snow drifts”
(GG1, GG2). Enhanced formation of snow drifts means that access
to ground lichens can locally decrease, even if lichen cover remains
undiminished.
Another finding reported by herders concerns the amount and
consistency of snow. Animals keep busy and remain in one place
when digging for forage below the snow (fieski). Adequate snow
depth is needed for this, and as the timing of a complete snow cover
has more frequently been delayed until late autumn, conditions for
fieski tend to occur later than previously (GG2). One result is that
herders are forced to manage their reindeer more intensively
(GG2) (Table 3). When a complete snow cover was present earlier,
the winter flocks used to be tamer and easier to handle since
reindeer tended not to move outside of the fieski zone but turned
Table 2. Comparison of herders’ knowledge and scientific knowledge concerning the changes in weather during the last decades in the research area
Herders’ observations Scientific knowledge Reference
More variable weather No data
Warmer winters, long periods of freezing
temperatures reduced, thaw in midwinter
more common (GG)
Number of days <−15°C decreased, no change in mean winter
temperature.
Vikhamar-Schuler et al. (2010)**
Number of days <−35 °C decreased. Vuojala-Magga et al. (2011)**
Exceptionally warm winter periods more common. Vikhamar-Schuler et al. (2016)**
Shorter season with below 0°C temperatures, decline in extremely
cold days.
Kivinen et al. (2017)**
Winters less severe (negative sum of degree days decreased). Lépy and Pasanen (2017)*
Ice-crusted snow layers more common
(GG)
No change in number of rain-on-snow events after a cold period. Vikhamar-Schuler et al. (2010)**
More frequent ice formation in the snow cover. Eira (2012)**
Exceptionally warm winter periods with melt or precipitation more
common.
Vikhamar-Schuler et al. (2016)**
Number of freeze-thaw cycles increased. Lépy and Pasanen (2017)*
Ground ice more common (GG) No change in number of black frost days1. Vikhamar-Schuler et al. (2010)**
More frequent ice formation in the snow cover. Eira (2012)**
Exceptionally warm winter periods with melt or precipitation more
common.
Vikhamar-Schuler et al. (2016)**
Increase in extremely warm events during autumn, leading to higher
risk of ground ice.
Kivinen et al. (2017)**
Thinner early winter snow covers (GG) Snow season duration shorter, no change in the first day of snow
season.
Vikhamar-Schuler et al. (2010)**
Later snow formation. Rasmus et al. (2014)**
Snow cover duration shorter. Lépy and Pasanen (2017)*
Deep snow cover forms later during the
winter (GG)
No change in max annual snow cover. Vikhamar-Schuler et al. (2010)**
No significant change in max annual snow cover. Rasmus et al. (2014)**
No significant change in snow cover depth. Lépy and Pasanen (2017)*
Snow melts earlier (G) Higher mean spring temperatures, earlier snow melt. Vikhamar-Schuler et al. (2010)**
Vuojala-Magga et al. (2011)**
Kivinen et al. (2017)**
Earlier snow melt Rasmus et al. (2014)**
Snow cover duration shorter. Lépy and Pasanen (2017)*
1Periods with snow-free ground and air temperature below 0°C during 1 September–31 August.
References to scientific literature have been sorted according to the local relevance, ** meaning high relevance (studies conducted in the same locations than our interviews) and * meaning
some relevance (studies conducted in the northern Fennoscandian mountain birch region).
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back by themselves. Now herders have to make temporary enclo-
sures to keep reindeer within the designated areas (Table 3). At the
same time, the aforementioned icing of the ground requires more
effort, as herders need to move animals to unaffected areas or
furnish animals with supplemental forage.
Interviewed herders have noted that the prolonged snow-free
periods in both spring and fall have improved the availability of
forage for reindeer and contributed to good condition of reindeer.
“Snowmelts here [in Gáregasnjárga] normally duringMother’s Day
(11st May), but in the 2000’s it has not been the case, snow has
melted earlier, but it has then snowed sometimes afterwards.
Early snowmelt, mild weather and early start of the grass growth
would be ideal for reindeer, it does not matter if it was cold in early
summer, so long as snow melted, ponds of the mires dried, no insects
developed” (G).
The effects of snow conditions reported by herders are congru-
ent with scientific studies on this subject. Research has shown that
deep or icy snow or late snowmelt may lead to high winter mortal-
ity of reindeer as well as to low calf survival during the following
spring (Helle & Kojola, 2008; Kumpula & Colpaert, 2003; Lee,
Press, Lee, Ingold, & Kurttila, 2000). Especially, detrimental is
the formation of ice on pastures if supplementary winter feeding
of reindeer is not in use (Rasmus, Kivinen, & Irannezhad, 2018;
Riseth et al., 2011; Turunen et al., 2016). The prevalence and
frequency of ground ice formation events have rarely been studied
within the research area, although Eira (2012) and Rasmus et al.
(2018) have reported increased frequency of goavvi events or
extensive basal ice formation.
Changes in vegetation and effects of herbivory on reindeer
pastures
Changes in vegetation cover
Herders reported changes in vegetation cover, for example, an
increase in the abundance of mountain birch; birch grows faster
and at higher elevations than previously (GG1, GG2). This has
been observed particularly in coastal areas, but also further inland
(Table 4). Willow does not spread as quickly as birch, but it is
still expanding by increasing rapidly in height and cover
(GG1). Herders generally felt that graminoids had become more
abundant than before (Table 4). According to one herder, there
are more mushrooms now than before, “reindeer are behaving
crazier about them than in the past” (GG2).
At certain places within valleys, the mountain birch forest has
become so dense that it is not possible for reindeer to utilise the
areas (GG2). Within inland lichen heaths, the increase in birch
forests and certain vascular understorey plants affect reindeer
husbandry and pasture quality negatively by reducing the amount
of ground lichen cover. One mechanism is that the dense cover of
fallen leaves in autumn within relatively closed forest canopies
suppresses the growth of ground lichens. A positive effect of the
increase in the birch forest is that the availability of fresh green
forage in early summer during the lactation period is improved
for the reindeer and their newly born calves.
Herders’ observations of decrease in lichens while birch and
some graminoids (Deschampsia cespitosa, D. flexuosa) increase
are consistent with research (Myers-Smith et al., 2011; Walker
et al., 2006). Satellite imagery from the Guovdageaidnu and
Kárášjohka areas (Tømmervik et al., 2004) parallels herders’ obser-
vations on increases in the abundance of mountain birch.
Abundance and height of woody plants are also increasing in other
Arctic regions (Käyhkö & Horstkotte 2017; Myers-Smith et al.,
2011; Normand et al., 2017; Tape et al., 2006).
Climate variability and change affect the growth conditions
for mountain birch forests: temperature, precipitation and atmos-
pheric nitrogen (Tømmervik et al., 2004). In recent decades, both
forest and understorey vegetation of Finnmark have developed in
ways that reflect more oceanic conditions. For example, lichens
have decreased and according to Tømmervik et al. (2004) one rea-
son for this is that lichens grow slowly and some vascular plant
species (like Cornus suecica, Vaccinium myrtillus) are better
competitors under moist conditions. The documented increase in
precipitation in the Finnmark area during the last century
(Vikhamar-Schuler et al., 2010) is believed to be favourable for
seed germination and growth of birch near the tree line
(Kullman, 2002; Wielgolaski, 2002). Research on the abundance
of mushrooms is scarce. Some results suggest that belowground
fungal communities could be controlled by herbivory, and moth
outbreaks could have a cascading effect on root-associated fungi
(Saravesi et al., 2015).
Table 3. The effects of climate change during the year on the quality of the pastures and working conditions of herders as revealed by the
interviews
PASTURE QUALITY WORKING HOURS
Herders’ observations Amount of forage Access to forage Feeding Herding Making fences
More snow drifts ↓ ↑
More ice-crusted snow layers ↓ ↑ ↑
More frequent icing of ground ↓ ↑ ↑
Thin or non-existing early winter
snow cover
↓ ↑ ↑
Deep late winter snow cover ↓ ↑ ↑
Earlier snow melt ↑(↑) ↓
Decrease in lichen cover ↓ ↑
Increase in birch ↓ (↑) ↓
Increase in oceanic plant species ↓ (↑)
↑ increasing effect, ↓ reducing effect, (↑) increasing effect on summer forage.
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Changes in vegetation caused by moth outbreaks
Despite herders’ observation about more abundant mountain
birch within wooded areas, the effects of mass outbreaks of moths
can overshadow this trend locally. Herders had noticed that there
have been moth outbreaks more often than earlier (Table 4). This
has had significant effects on the use of mountain birch forests as
reindeer pastures. In areas affected by extensive outbreaks in
Gáregasnjárga, herders observed that the vegetation composition
and cover have changed, with important implications for reindeer
husbandry. Defoliation and mortality of birch trees have impacts
not only on the availability of winter forage, but also on the avail-
ability of summer forage. As one of the herders said: “Defoliation
of birch forests by moth is significant for our [summer pasture]
areas in Ohcejohka municipality and northern parts of
Anár : : : . one just cannot understand it : : : the summer of 2008
was saved for example because there was plenty of mushrooms,
so that it was not possible to see the effect of birch defoliation
by moths on calf slaughter weights [in autumn], it saved the calves,
because there was so many mushrooms, it was a good time for rein-
deer” (G). Ohcejohka and Gáregasnjárga herders reported that
both ground and arboreal lichens and birch have decreased
and the abundance of graminoids has increased. They largely link
these changes to the large autumnal moth outbreak in the 1960s,
which affected upland mountain birch forest and fell areas. For
reindeer husbandry, the net result was that winter pasture quality
has declined because lichens constitute important winter forage
(Table 3). The negative effects for reindeer husbandry are
increased expenses and working hours because animals require
more frequent movements in search of lichens and require costly
supplemental feeding. A potential positive effect of the decrease
in mountain birch forest is that when the areas have become
treeless, there is less snow cover than earlier and the area can
be used longer in late winter. Currently, these areas can serve
as calving grounds (G).
Table 4. Comparison of herders’ knowledge and scientific knowledge concerning the changes in the vegetation cover in the research area
Herders’ observations Scientific knowledge Reference
Increase in birch (GG) Increased birch growth favoured by prolonged
growing season and increased precipitation.
Tommervik et al. (2004)**
Vikhamar-Schuler et al. (2010)**
Establishment of birch facilitated by reindeer. Helle (2001)*
Wielgolaski (2002)*
Lempa et al. (2005)*
Tømmervik et al. (2009)**
Increase in shrubs (GG) Increase in shrub cover due to climate
warming
Kullman (2002)*
den Herder et al. (2004)*
Increase in graminoids (G, GG) Increased graminoids as a result of moth
outbreaks in defoliated forests.
Lempa et al. (2005)*
Increase in graminoids due to warming. Walker et al. (2006)*
Graminoids benefit from the significant
grazing pressure.
Bråthen and Oksanen (2001)*
Eskelinen and Oksanen (2006)*
Increase in vascular plants (GG) Warmer and moister conditions favour
vascular plants.
Tømmervik et al. (2004)**
Decrease in lichen cover (G, GG) Lichen cover decreased due to reindeer
grazing and trampling.
Moen and Danell (2003)*
Lempa et al. (2005)*
Bråthen et al. (2007)**
Tømmervik et al. (2009)**
Cohen et al. (2013)**
Reinert and Benjaminsen (2015)*
Lichen cover declined during 1961–2000. Tommervik et al. (2004)**
Lichen cover decreased due to warming. Walker et al. (2006)*
Lichen decrease due to increase in vascular
plants.
Virtanen (2000)*
Decrease in arboreal lichen (G) No data See references on decrease in birch.
Decrease in birch: moth outbreaks and concurrent
defoliation of birch forest more common (G, GG, M)
Reindeer has inhibited regeneration of forest
by grazing and trampling.
Kallio and Lehtonen (1973)**
Lehtonen (1987)**
Lehtonen and Heikkinen (1995)**
Tenow et al. (2005)*
Moen and Danell (2003)*
Lempa et al. (2005)*
Bråthen et al. (2007)**
Biuw et al. (2014)*
Helander-Renvall (2014)*
Background herbivory1 increases due to
warmer and moister conditions.
Barrio et al. (2017)*
Rise in winter minimum temperatures
favours moth outbreaks.
Jepsen et al. (2008)*
Range expansion of autumnal moth and
winter moth.
Jepsen et al. (2008)*
Klemola et al. (2016)*
1Chronic, low-intensity leaf damage by defoliating, mining and gall-forming invertebrates such as sawflies (Hymenoptera: Tenthredinidae).
References to scientific literature have been sorted according to the local relevance, ** meaning high relevance (studies conducted in the same locations than our interviews) and * meaning
some relevance (studies conducted in the northern Fennoscandian mountain birch region).
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Herders in Gáregasnjárga state that due to attacks by autumnal
moths, most old birch trees died; in some areas, nearly all trees
have disappeared and the ground vegetation cover has changed.
“Defoliated forests are still visible, in 1968 from Gáregasnjárga to
Inari for over 10–15 km, there used to be a birch forest, then green
larvae came, there were 2–3 larvae on each leaf. There used to be a
lichen pasture, a couple of years after autumnal moth came, grass
started to grow, wavy hairgrass, which killed the lichen, reindeer
were fat due to grass which grew there for several years, when grass
was finished, mosses came, soil became nutrient-poor, trees were
decayed : : : ” (G). In Guovdageaidnu and Máze, there have not
been severe autumnal moth attacks, though in recent years moth
damages have increased (GG, M). Herders reported outbreaks of
winter moth during the 2000s in these areas; even the leaves of
cloudberries were eaten by moths in summer 2008 (GG2).
The greatest change is the increased amount of graminoids and
a decrease in ground lichens, in particular fruticose forms
(Table 4). This has had a clear effect on the forage quality of winter
pastures. In the herders’ words, “Grasses destroyed the pastures”
(G). One of the herders (G6) noted that the quality of pastures
has decreased because the amount of star-tipped reindeer lichen
(Cladina stellaris) has declined. Herders claim that the forage value
of winter pastures has declined because lichens, which form the
basis of the winter diet of reindeer, have decreased though animals
also consume some graminoids and shrubs in winter. Herders say
that the decline in old birch trees means that arboreal lichens
growing on the stems have also disappeared (Table 4). In earlier
times, during late winter after the snow cover had hardened, rein-
deer would walk from tree to tree feeding on arboreal lichens, when
available. Regeneration of the birch forest has been spatially
variable in the Gáregasnjárga area. According to herders, forests
have not recovered from previous autumnal moth outbreaks in fell
areas, although at lower elevations there has been noticeable
regeneration.
Scientific knowledge parallels herders’ observations that autum-
nal moth has a clear effect on birch forests and tree line. Severe out-
breaks are known to have a long-term influence on mountain birch
ecosystems (Tenow, Bylund, Nilsen, & Karlsson, 2005). Herders in
Gáregasnjárga and the scientific literature have both linked the loss
of birch forest to major outbreaks of the autumnal moth, which in
1965–66 defoliated about 60% (1350 km2) of forested area in the
vicinity of the community (Tenow et al., 2005). Herders’ observation
that more birches died in fell areas than in the lowlands is congruent
with research done in Ohcejohka commune (Lehtonen, 1987).
Especially in the vicinity of Geavvu (Kevo), birch grew very slowly
and the area has long ago become treeless (Kallio & Lehtonen, 1973).
Regeneration has been unsuccessful partly due to root rot that
developed in the aftermath of the moth outbreak (Lehtonen &
Heikkinen, 1995). Extensive autumnal moth damage had not been
reported in the scientific literature in the Guovdageaidnu–Máze
areas. However, during the years 2002–2008, outbreaks of autumnal
and winter moths have been reported. The latest moth outbreak
causing significant damage in the area was caused by winter moth
during years 2006–2008. The rise in winter minimum temperatures
is assumed to favour moth outbreaks, and warming facilitates
the range expansion of autumnal and winter moth (Helander-
Renvall, 2014; Jepsen et al., 2008; Klemola et al., 2016). In addition
to moth outbreaks, foraging by small mammals like Norwegian
lemmings (Lemmus lemmus) and grey‐sided voles (Clethrionomys
rufocanus), and background herbivory by invertebrates have been
shown to be significant factors in tundra ecosystems (Barrio
et al., 2017; Olofsson, Hulme, Oksanen, & Suominen, 2004).
Damages due to the low-intensity but widespread herbivory are
assumed to grow with increasing temperature and precipitation
(Barrio et al., 2017).
Changes in vegetation caused by reindeer grazing
Herders in both Gáregasnjárga and Máze were certain that
reindeer herbivory does not harm healthy birch forest but, rather,
stimulates growth. One herder summarised this as follows, “Birch
need reindeer. We have had reindeer here for so long so that if the
animals would harm birch, we would not have birch here” (G3).
According to herders, reindeer do not browse all the leaves but
carefully select some; these are assumed to be of highest quality.
Therefore, reindeer keep old forests “clean”. Dense woodlands
are not perceived as good pastures because reindeer cannot access
the forest and there are no ground lichens growing there due to
low light conditions. In late winter, reindeer graze moderately
intensively on lichens growing on birch stems. Herders claim this
does not have any effect on birch. According to some informants
(M11, M12), moose are more destructive for birch because it
browses bark to the extent that the stem becomes wounded.
Herders have observed that intensive grazing and trampling by
reindeer prevent birch seedling growth and regeneration of forests
in summer pastures, including those affected by moth herbivory
(Table 4). Herders in Gáregasnjárga say that young and damaged
forests (e.g. autumnal moth) do not tolerate as much grazing as
mature ones. One informant said that “reindeer can prevent the
growth of the seedlings” (G2) in the areas with large numbers of
animals, for example, inside the enclosure or on an island. Via
grazing and trampling, reindeer might destroy some shoots as well
(M11). According to herders, another way reindeer may have a
negative effect on birch is that in autumn animals rub their antlers
against saplings and in doing so can mortally wound them. In
addition to root rot that developed in the aftermath of the moth
outbreak, the consensus among herders is that reindeer them-
selves inhibit the regeneration of birch forests. Some contend that
damages could have been prevented: “All the adult birch should
have been cut when the moon is growing (when evaporation is
strongest), then the shoots would have grown back. Now the birch
died along the roots” (G7). Herders also had a concrete suggestion
for renewal of the area: “Defoliated areas should be left in peace
even for a couple of years, so that seedlings could be growing in
peace” (G).
As a key reason for the long-term loss of lichens, at least in
Gáregasnjárga, herders see soil erosion related to the retreating
forest due to moth outbreaks. One informant said: “Earlier birch
protected the earth; now wind and water erode the soil” (G4).
Nevertheless, some herders said that the large number of generally
unsupervised reindeer in the 1980s also had an effect on the
decrease in ground lichen. Reindeer were both from Finland
and Norway, as the fence between Norway and Finland was
not complete (G). In the vicinity of Gáregasnjárga, there is also
a certain amount of overlap in the territories where reindeer graze
and trample year-round.
Based on scientific knowledge, healthy mountain birch forests
tolerate moderate grazing and may benefit from it and grow
faster (Helle, 2001). Reindeer grazing can also facilitate the estab-
lishment of birch because trampling creates gaps in the vegetation
for seedlings to grow on the fell areas, thus affecting the growth
of birch up to 300 m in elevation (Lempa, Neuvonen, &
Tømmervik, 2005; Tømmervik et al., 2009; Wielgolaski, 2002).
However, strong grazing and trampling pressure are known to
negatively affect the birch forests, and death of seedlings is a
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common phenomenon in intensively grazed birch forests
(Helle, Kajala, Niva, & Särkelä, 1998; den Herder, Kytöviita,
& Niemelä, 2003; Lehtonen and Heikkinen 1995). Herders’
observations agree with the scientific literature that damaged
(autumnal moth) or limited areas (enclosures, islands) affected
by heavy grazing and trampling regenerate very slowly if grazing
is continuous (Vuojala-Magga & Turunen, 2015). Herders stated
that regeneration of mountain birch forests has not succeeded
near Gáregasnjárga because reindeer trample the areas and
eat seedlings. This is in agreement with many published scientific
studies (Biuw et al., 2014; Bråthen et al., 2007; Kallio & Lehtonen,
1973; Lehtonen & Heikkinen, 1995; Moen & Danell, 2003; Tenow
et al., 2005). Reindeer browsing has also been shown to be an
important mortality factor for saplings in mountain birch forests
defoliated by the outbreaks (Lehtonen & Heikkinen 1995).
The decrease in lichens in places where graminoids increase has
been both observed by herders and also reported in the scientific
literature (Table 4), but the explanations differ somewhat. There is
agreement within the scientific literature that high reindeer density
has negative effects on lichen cover. A decrease in lichen biomass
due to reindeer grazing has been shown in several studies (Bråthen
et al., 2007; Lempa et al., 2005; Moen & Danell, 2003; Reinert &
Benjaminsen, 2015), and significant grazing pressure seems to
also benefit graminoids to the detriment of lichens (Bråthen &
Oksanen, 2001; Eskelinen &Oksanen, 2006). Especially, detrimen-
tal is year-round grazing with no pasture rotation, as dry lichens
are easily crushed and the shattered fragments are susceptible to
wind and water erosion (Forbes & Kumpula, 2009; Kumpula,
Kurkilahti, Helle, & Colpaert, 2014; Kumpula, Stark, & Holand,
2011). In some experiments, increases in vascular plant biomass
due to decreased reindeer grazing have caused lichen biomass to
decrease (Virtanen, 2000). After grazing pressure has decreased,
regeneration of lichen pastures can be relatively rapid (Pajunen,
Virtanen, & Roininen, 2008; Tømmervik, Bjerke, Gaare, Johansen,
& Thannheiser, 2012).
Discussion
All of the interviewed herders had observed that both the canopy
and understorey of mountain birch forests in Guovdageaidnu–
Máze and Gáregasnjárga areas have changed during the past
50 years. The changes in weather conditions and vegetation have
significantly affected reindeer husbandry by transforming herding
practices and increasing expenses.
Even though we do not aim at validation of either of the two
“ways of knowing” presented here, such general comparisons
enrich our understanding of recent changes and clarifies the useful
features of the respective knowledge systems. The knowledge of
herders concerning Nordic mountain birch forest dynamics in
large part coincides with the existing scientific knowledge base.
Active and retired herders possess practitioners’ knowledge that
is clearly grounded in, and related to, specific events and processes.
This extends back several decades, so within the lifespan of retired
herders. Yet knowledge pertaining to extreme events may also
be handed down for several generations (Forbes et al., 2016;
Huntington et al., 2004). There were also interesting inconsisten-
cies between the knowledge systems, as well as knowledge gaps.
Scientific and practitioners’ knowledge may have relevance at
different temporal or spatial scales. In climate research, the most
common temporal depth is approximately 30 years, whereas
ecological research (apart from long-term ecological monitoring)
often concentrates on certain short periods (e.g. part of the growing
season) within a long continuum. Quantitative measurements
are often spatially limited, especially in sparsely populated areas.
They may also be seasonally biased. Herders’ memories, on the
other hand, may emphasise recent and extreme conditions, and
to seasons and phenomena which are most relevant to reindeer
herding. Emphasis on extreme events, and paying most attention
to variables and changes which are most relevant to herding, such
as “locked”winter pastures, are very useful for understanding what
adaptive strategies have been deployed in different times and places
and how they may be deployed in the future as the Arctic climate
most likely continues to warm (Forbes et al., 2016; IPCC, 2019). It
has been suggested that public debate, for example, on climate
change impacts may influence herders’ perceptions on this topic.
However, according to a global analysis by Marin and Berkes
(2013), herders, hunters and fishers are well aware of the main-
stream public climate change narrative, yet the media discourse
does not override the knowledge gained through practice and
direct experience.
Some phenomena observed by herders have not been reported
within the scientific literature. These include, for example,
changes in abundances of mushrooms. Beyond our study, the
increase in weather variability has been reported by several
northern or Arctic communities (ACIA, 2004; Huntington
et al., 2004; Krupnik and Jolly 2002; Meredith et al., 2019).
Scientific knowledge on the subject is scarce, regarding our
research area, and results can be contradictory, partly due to
incomplete understanding of the scales involved and measures
of variability (e.g. Fischer and Knutti, 2014). In our interpreta-
tion, our informants were most often considering the rapid, inter-
mittent changes in daily weather. In meteorological terms, this
would mean a perceived decrease in weather persistence from
one day to the next. To our knowledge, weather persistence of
sub-Arctic Fennoscandia has not been explicitly studied.
On the other hand, not all processes or events reported by
scientists werementioned by our informants. The combined effects
of herbivory and climate change on northern ecosystems have been
recently studied (Biuw et al., 2014; Cairns & Moen, 2004; den
Herder et al., 2004; Vowles, Lovehav, Molau, & Björk, 2017), as
well as combined effects of historical human activities and climate
change (Normand et al., 2017) and potential feedbacks of herbi-
vory on climate. Examples of these feedbacks include the reduction
in deciduous shrub cover and height (cf. Kitti et al., 2009; Kolari
et al., 2019), and the loss of fruticose lichen (Forbes & Kumpula,
2009; Helle & Jaakkola, 2008; Kumpula et al., 2014). The former
increases albedo, especially during the snow-covered period,
meaning decreased absorption of heat at the ground level or snow
cover surface (stabilising feedback); the latter decreases albedo
during the snow-free period, resulting in increased absorption of
heat (reinforcing feedback) (Cohen et al., 2013; Olofsson et al.,
2009). Although important, our analysis does not encompass these
complex issues as they did not explicitly stand out from our inter-
viewmaterial. In previous studies, the effect of summer temperature
and insect harassment during hot summers on reindeer condition
and reindeer husbandry has been seen as significant (e.g. Weladji,
Holand, & Almøy, 2003). This did not appear as a central theme
in our interviews.
Another example of contrasting views arose in the discussion of
lichen pasture deterioration, erosion and potential overgrazing by
reindeer herds. Herders openly acknowledge the keystone role of
reindeer, especially regarding how heavy trampling and grazing
of seedlings impeded regeneration of mountain birch forests fol-
lowing massive moth outbreaks. The role of herbivorous moths
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is nevertheless seen as highly significant in terms of triggering a
sequence of events in the transition from mountain birch forest
to treeless tundra, and the well-documented retreat of the forest
after massive moth outbreaks is considered to be the overriding
driver in this transition. In the scientific literature, and in the
media (Ruukki 2016), reindeer trampling is often seen as a main
explanatory factor of erosion (e.g. Uhlig & Zink 2006; Helle &
Jaakkola 2008).
The scientific observations reviewed had varying relevance
across scales (Tables 2 and 4). Most of the scientific literature
on weather changes (Table 2) had high local relevance (conducted
in the same locations as our interviews) and coincided with local
practitioners’ knowledge. Scientific knowledge on changes in the
vegetation cover (Table 4) is, in some cases, based on literature with
lower local relevance (conducted in the northern Fennoscandian
mountain birch region, but not in the same locations as our inter-
views). This was the case with research on increases in shrubs and
graminoids. Several studies concentrating on decreases in lichen
cover and increases in birch and vascular plants had high local
relevance. In addition, literature on decreases in mountain birch
due to moth outbreaks and inhibited regeneration due to reindeer
grazing included several locally relevant studies.
Our results confirm the conclusions of recent studies in which
local or practitioners’ knowledge on northern ecosystems have
been related with scientific findings (e.g. Riseth et al., 2011; Eira
et al., 2013; Helander-Renvall, 2014; Horstkotte et al., 2017).
There is a need to better understand and relate herders’ knowl-
edge of past and ongoing changes with scientific studies in order
to more sustainably manage reindeer rangelands in the contem-
porary milieu of multiple users (Bernes et al., 2015; Horstkotte
et al., 2017). As national and international research funding calls
and Arctic strategies demand more inclusive stakeholder involve-
ment (European Commission, 2016; Prime Minister’s Office,
2013), it is critical to see where scientific and practitioners’
knowledge both converge and diverge, so that future research
and decision-making can better incorporate different “ways of
knowing” (sensu Kendrick, 2003). Especially, important is that
practitioners can put observed events and processes into a
locally relevant perspective, and enrich the meteorological and
ecological data with aspects like experiences, impacts and coping.
Also, local herding practices leading to measurable outcomes
(e.g. vegetation changes, cf. Cohen et al., 2013; Horstkotte
et al., 2017; Kolari et al., 2019) can be afforded their proper
social-ecological context. Practitioners’ view can also bring forth
new research questions.
The herders interviewed have applied their knowledge to com-
prehend remarkably detailed patterns of pasture extent, conditions
and forage dynamics in space and time. Reindeer husbandry has
functioned within the region for centuries, while simultaneously
altering mountain birch forests (Horstkotte et al., 2017). The deter-
mining role of scientific knowledge in the management regime of
reindeer herds of our research area has still been indisputable
during the past decades (Hukkinen et al., 2006), as has been the
low local decision-making power (Heikkinen et al., 2012, Sarkki
et al., 2018). Herders have seldom been seen as “local managers”,
making the actual management decisions based on their practi-
tioners’ knowledge.
An example of the very recent emphasis on participation, and
approaches that connect science, policy and society, is the process
of setting the maximum reindeer numbers in Finland. Reindeer
management in Finland belongs under the jurisdiction of the
Ministry of Agriculture and Forestry (MAF). Every 10 years,
MAF sets the maximum number of reindeer for each herding
district. Already 30 years ago (MAF, 1989), it was suggested to
allowmore decision-making power to herding districts. However,
maximum numbers have continuously been set according to the
ecological carrying capacity of winter pastures, as estimated by
the state-funded and mandated processes aimed at minimising
conflicts with forestry and agriculture (MAF, 1989, 1999). The
most recent process, setting the maximum numbers for the
period of 2020–2030, generally succeeded in involving several
stakeholders, including local herding communities, and recom-
mendations were at least partly based both on the scientific
and practitioners’ knowledge (MAF, 2019). It is noteworthy that
researchers involved in the process considered co-planning and
local participation as central methods in the northern land use
management (Kumpula et al., 2019a, 2019b).
Reindeer husbandry shares the same operational space with
several other land users in northern Fennoscandia, encompassing
the Sápmi region. Intensifying land use such as forestry, mining
industry and tourism has contributed to decrease, fragmentation
and degradation of the pastures (Kumpula et al., 2014; Pape &
Löffler, 2012). Unlike in North America, where Arctic indigenous
people have a legal right to participate in the co-management of
living resources, access to reindeer rangelands in Sápmi depends
on usufruct rights (Forbes and Stammler, 2009). Decades of top-
down reindeer management have led to distrust of governance
institutions (Forbes et al., 2006). A central question in future land
use planning is how different actors can use the natural resources
without significantly degrading the resources and reducing the
range of options for use by others. Co-production of knowledge
where both scientific findings and local information are com-
bined facilitates the incorporation of qualitative aspects into
the discussion (Markkula, Turunen, & Kantola, 2019). It provides
locally valid information concerning how to prepare for the
future (Huntington et al., 2004; UNESCO, 2017) and facilitates
integrated understanding needed in land use planning processes
(Horstkotte et al., 2017; Raymond et al., 2010; Sandström
et al., 2003).
All knowledge systems involved need to participate in a mutu-
ally respectful dialogue to determine which approach is the most
desirable, and to what outcome. True integration in fact is the crux
of the interactions among knowledge systems (cf. Gratani et al.,
2011). As the de facto practitioners of reindeer management over
generations in the mountain birch forest and adjoining fell tundra
zones, a meaningful role for Saami reindeer herders would be
justifiable in the process. Viable reindeer rangelands should meet
not only the biological needs of the reindeer itself, but also suit the
herders’ sociocultural imperatives, such as passing on their
particular ways of knowing in variable geographical and social-
ecological contexts, to the next generation (Forbes et al., 2006;
Laakso 2008; Ostrom, 2011).
Conclusions
Our results show that through a participatory research approach a
rich body of knowledge can be assembled, and that the different
knowledge systems, or “ways of knowing”, can coalesce from
distinct yet complementary bases. It is nevertheless anticipated that
further integration of these knowledge systems and better proto-
cols for co-production of knowledge are critically needed in the
near future. Learning on “how to relate knowledge from different
systems for the purpose of improved decisions and solutions” is
called for by IPCC (2019), as well.
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This study has demonstrated that reindeer herders have rel-
evant and practical knowledge of the present state and recent
historic changes of the mountain birch forest ecosystem in
northern Fennoscandia. In northern Canada and Alaska, the value
of practitioners’ knowledge has been recognised legally through
land claims and has become progressively integrated into research
and administration (Forbes & Stammler 2009). At present, ecosys-
tem management of Fennoscandia is based primarily on scientific
knowledge when it comes to state administrative and regulatory
regimes. Practitioners’ knowledge does not have the same status
and has not been properly accounted for in laws and regulations.
As such, the acceptance of practitioners’ knowledge is generally
much more contested and conflicted in the policy arena, than as
an academic inevitability (cf. Sara 2011; Turi and Keskitalo
2014; Benjaminsen, Reinert, Sjaastad, & Sara, 2015). We conclude
that better integration of practitioners’ knowledge with scientific
knowledge will improve critical understanding of cultural land
use patterns, cultural adaptation to local ecosystems and sustain-
able development of local communities where reindeer husbandry
remains an important livelihood.
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